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215t Century Biomedicine

Clinical Outcomes Data Targeted Pharmaceuticals

Bench Bedside

Pathology Cancer Treatments

Proteomic Data Treatment and Care

Laboratory Data Genetic Data

Surgical & Radiotherapeutic
Technologies

Personalized, Predictive,
Preemptive, Participatory......

Unifies discovery, clinical
research, and clinical care
(bench-bedside-bench) into a
seamless continuum

Results in improved clinical
outcomes

Accelerates the time from
discovery to patient benefit

Embraces the Global nature of
cancer and the unique
international insights in
addressing its challenge

Enables a Learning Health
System,
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Redefining Cancer at a Molecular Level

m National Cancer Institute
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5. CGEMS

Cancer Genetic Markers of Susceptibllity

THE CANCER GENOME ATLAS

About TCGA What We Do Publications

About CGEMS News & Announcements

(" Cancer Bulletin Proﬁle:\
anding of the genetics of cancer using innovative Meet Dr. Raju Kucherlapati

ologies.
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[ Enabling a rich, molecular definition of Cancer }

Multiple forms of
cancer

Multiple Multiple data types

Organizations

§ Biospecimen Core
Resource

Clinical diagnosis
Treatment history
Histologic diagnosis
Pathologic status
Tissue anatomic site
Surgical history

glioblastoma multiforme
(brain)

Cancer Genomic

squamous carcinoma b
g Characterization

(lung)

Centers Gene expression
SEroUS Chromosomal copy
number
cystadenoqarcmoma queuneonrgﬁg  Loss of heterozygosity
(ovarian) é Centers  Methylation patterns
(20 additional * MIRNA expression
types planned) Genome Data —. DNA sequence

Analysis Centers



GBM Results: Pathways
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Patient selection for HER2 Tx required tissue screenf 7 I
and allowed only 1 of 4 women to participate # /4_’[?‘.*\&\\

3&‘

Calculated Sample

. Hypothetical Required “Screened”
Size And_Study HER2+ Prevalence Population
Duration
1250 = 52 mos 100% 1250
50% 2500
| G

* Need a obtain a suitable specimen, wait for test results. (Results were
obtained in days to weeks)
* Need to screen many patients.

Courtesy H. Kim Lyerly, M.D., Director | Duke Comprehensive Cancer Center



Size of Population with Pathway to Inhibit* "}/
Y | ....\‘-K\

L

Population fraction containing signature

100% 50% 25% 12.5%

Phenotype 1
I 4 Phenotype Al ( Phenotype 2

Phenotype A
Phenotype 3
No / \ Phenotype A2 ( Phenotyge 4
Pathway Phenotype 5
Defect Phenotype Bl yb

Phenotype 6
Phenotype B Phenotvne 7
Phenotype B2 ( Phenotye 3

1,250 2,500 5,000 10,000

Size of Population Needed To Screen

Courtesy H. Kim Lyerly, M.D., Director | Duke Comprehensive Cancer Center



20t Century Research > Care Paradigm

Outcomes &

Surveillance

. Product ..

» Biological pathways » Candidate selection and * Product launch * Reporting of serious/fatal ADRs
Optimization
+ Target identification and + Clinical adoption * Re-labeling (or recall) as
validation * Pre-clinical testing needed
* Phasel, II, Il » Additional indications as
warranted

* New Drug application and
Approval
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21th Century Learning Health System

Analysis and
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Challenges:
The Biomedical Landscape

- |solated information “islands”

* Information dissemination
uses models recognizable to
Gutenberg

* Pioneered by
Royal Academy of Science of
London in the 17th century

« Write manuscripts
* “Publish”

« Exchange information at
meetings




IT-enabled ecosystem

Research
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Medical
Center

Research
Unit

Common Data
Elements

Research
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Medical

Unit

EEEEEEEEEER ResearCh
| Center

_ Index [ Vocabularies & | Workflow Federated
Dorian GTS Service Ontologies Manage_ment Query
\ Service Service
. GME Schema Federated
] Advertisement Workflow
Securit - Management
y / Discovery ‘ 9 Query
Metadata
*
. Management

Research o
Center ¢

Center

L
L
L
L
L
L]

Research

Center

Medical
Center



IT-enabled ecosystem

Research

Research = Research S Center

Center .
Unit
Medical
Unit

Medical

Centar

Biomedical Knowledge Cloud

Services Infrastructure

Research
Center

Metadata

Management
Research

Center

Medical

Research
Center

Medical
Center



IT-enabled ecosystem
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A 21st Century Biomedical Ecosystem ;ﬁ{
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Research
Hospital

Community
Hospital

Biomedical Knowledge

Cloud

Decision
Support

Data
Aggregators

Analytics ;
Biomedical
Research

Research
Institution

Comparative
Effectiveness

Pharmaco-
Vigilance

Surveillance
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“Smart” Electronic Health Records

Oncology-extended EHRs enable tracking of cancer diagnostic and
staging information, treatment plans, and patient outcomes

Oncology-extended EHR
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§ it Statas

gl s Rogistratien Dace: [N 77000 Cesed: [
geoﬂo s PafARR010E) &
As3esEmEntPanA 1201
@2Conp Asaestmect Py B 3nd C (020146) Rforral Date: [Ga17/308 VALULCPIIONS g
Ftomn m:;mvao RBHA: (0% MARICORA 51 =]
satmpet
-Regon Cry

Oamogtastec
Encotrsal (020107)
1R T)




“Smart” Electronic Health Records

Web-based tools enable consumers/patients to record their personal

information and treatment responses, linked into their EHRSs

Family Health
History

101010101

Personal
Genomics

Patient-Reported
Outcomes-enhanced EHR

2% Encolimant Date. Sep 17 2008 Open
=MpFULL Entoliment - 09/17/2008 07-37.00

&S Chient Status
&JClient Program
& apency FIF
&JComp. Assessment Part A (0201/06)
S Comp Assessment Part B and C (02/01/06)
&JComp. Assessment Pat D
& Treatment Plan
& Consent- Report Only
&SMagatian Demographic
&IMagelian Encoliment (09/01/07)
&IMagatian Assessment (09/0107)

&IMagelian intake
LabTest
MM Psych Evalution

Registration

Registration Date: |09/17m Closed:

[~ Crisis Registration:

Referral Date: |09/17/2003 VALUEOPTIONS

RBHA: |05 MARICOPA REHA

| vaue

JLL JONES, MSW

2 Agency office 2

1291.81 ALCOHOUC WITHORAWAL |09/17/03 00.00
¥ Intake - No
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Clinical Information from EHRs can be fed electronically into the
electronic Clinical Report Form...

Smart EHR

Registration
Registration Date: [09/17/2008  Closed: [

i 0101010101 |, 5

RBHA: [05 MARICOPA REHA

yMagelian Entoliment (09/01/07)
JMagalian Assessment (09/01/07)




Using EHRs to Empower Survivors

Clinical Information from EHRs can be fed electronically into the
Personal Health Records

Smart EHR Personal Health Record

Wennoe, Lame Bustoe | et snand e ar i

ass e

| New Registration| Interim Assessment | Closure |  HewProgresshiote|  Hidebotes |

i New Packet PrintLabels | ReviewMotes |




Create a Learning Health System — &
\ e W S\
With appropriate authorization, data on patient encounters can be
electronically fed into a Patient Outcomes Data Service

Utilizing “Smart” Electronic Health ﬂ 2 &

N

= - 10101010100} Pat[l)eal?[;%l;trc:qcr:ges
: " Vi
)

This Service enables
submission of outcome
data allows permits
, queries for longitudinal
-— P | e l follow-up or aggregateJ

outcomes patterns.
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All Stakeholders Benefit from the /
Patient Outcomes Data Service

i

Physicians

Clinical Care

with other

‘ Support Tools \ l patients \
p_otentlal_drug disease risks clinical trial
interactions enrollment

1002

% of Survival




All Stakeholders Benefit from the /
Patient Outcomes Data Service

Patients / Consumers

mo«Yl my options l

compare 2 clinical trial? expect from
to others? ' this treatment?

0 375 750 25 500




All Stakeholders Benefit from the /
Patient Outcomes Data Service

101010101010101
Healthcare System
‘ Effectiveness \ | e \ ‘ vigilance- I
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The Patient Outcomes Resource Is One of
Many within the Biomedical Community
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Researchers Can Query the Data in the
Cancer Knowledge Cloud

Y/
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Epiderhiologists

* Query data to seek
correlations among genes,
environment, outcome

 Develop standing online

0'\0'\ ’ cohorts of volunteers

mmo\ Basic Researchers

» Generate new hypotheses
* Identify biomarker-outcome

correlations
0101010101010101010101> - Validate biomarkers in siIicoJ

Clinical Researchers

participants

* Enrich clinical studies with
appropriate sub-groups

* ldentify new indications

01
70701070 * Seek clinical trial
7‘




New Knowledge from Research Is
Fed into the Cancer Knowledge Cloud

New links to behaviors and

exposures that increase /
'\0'\0'\0’\ decrease risk of disease or
010 disease reoccurrence

Basic Researchers

0101010101010101010101 = New drug targets

Clinical Researchers

Targeted drugs for
molecularly-defined
sub-groups




Virtuous Circle From Smart EHRs Through
Research and Back to Clinical Care
(Rapid Learning Healthcare System)

Researchers
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Linking the Cancer Community:
Nationally...

M - NClI Designated Cancer Centers @ - NClI Community Cancer Center Program Sites A - Community Oncology Practices




...and Around the Globe*

(*United States, Mexico, Chile, Uruguay, Argentina, Brazil, U.K., Netherlands, Germany,
Czech Republic, Finland, Jordan, Pakistan, India, China, Australia, New Zealand)



